The calculation of bump foil deflection is very important to predict the performance of foil bearings more accurately, because the foil bearings consist of top foil and its elastic foundation usually called bump foil. For the purpose of this, a finite element model considering 3-dimensional structure of the bump foil is developed to calculate the deflection of inter-connected bump. The results obtained from the suggested model are compared and analyzed with those from the previous proposed deflection models. In addition, load capacity of the foil bearings is analyzed by using this model.
INTRODUCTION
The foil bearings consist of top foil and its elastic foundation usually called bump foil. Thus, in the foil bearing performance analysis, the prediction of bump foil deflection by imposed hydrodynamic pressure is very important. From this point of view, Walowit [1] and Heshmat [2] suggested an elastic deflection model of bump foil first and calculated bump foil deflection using this model. In this model, the bump foil deflected independently in the circumferential and axial direction like independent springs and the bump foil deflection was assumed to be proportional to the applied load. Peng [3] calculated bump foil deflection using arithmetic mean pressure in the axial direction from the assumption that deflection of bump foil is uniform in the axial direction. The deflection of one point in the bump foil, however, is not independent of another points and the applied load, the hydrodynamic pressure, is not uniform in the axial direction. Therefore, the deflection models of bump foil suggested by Heshmat [2] and Peng [3] would be somewhat different from the real bump foil deflection. These deflection models, however, are widely used for foil bearing performance analysis because of easiness [4] .
Because the performance of foil bearings could be calculated differently according to the bump foil deflection model, the prediction of bump foil deflection is very important. Therefore, in this study, finite element model is suggested to calculate the deflection of bump foil considering 3-dimensional structure in which the bumps are connected with each other. In addition, the load capacity is calculated using this model. The results obtained from this model are compared and analyzed with those from the deflection models of bump foil suggested by Heshmat [2] and Peng [3] .
METHODS
Finite elements method is used to calculate the deflection of the bump foil. The Kirchhoff plate equation and plane stress model are used as governing equations. The grids are constituted for the split bump which is not connected to another bump and the connected bump which has the same shape as bump foil.
The load capacity is calculated using this deflection model. The boundary condition for Reynolds equation is that pressure at both ends are atmospheric pressure and half Sommerfeld condition with the assumption that top foil will lift off when subambient pressure is produced in lubricant.
RESULTS AND DISSCUSSION Bump Deflection
Bump deflection is calculated when the parabolic load, as shown in Fig.1 , the similar shape of hydrodynamic pressure, is applied in the bump longitudinal direction. For the split bump, the deflection is calculated using finite element method and the results are compared with those from deflection models of Heshmat [2] and Peng [3] . For the connected bump, finite element method is used and the results are compared with the split bump. In the case of connected bump, five bumps are connected with each other and the parabolic load is applied all of the five bumps in the longitudinal direction. Data of bump are listed in Table 1 . Figure 2 shows calculation results. The split bump deflection calculated using finite element method is similar to that using deflection model of Heshmat [2] . The deflection calculated using deflection model of Peng [3] is uniform in the longitudinal direction because it is calculated using arithmetic mean of applied load. In the case of connected bump, the first and fifth bump have similar deflection shape in longitudinal direction with split bump which the deflection of center position is quite large compared with both ends. In the case of the second, third and fourth bump, however, the difference of deflection between center and both ends is decreased. It is even clear comparing Fig. 3 and Fig. 4 that the deflection of the connected bump is relatively uniform in longitudinal direction compared to the split bump.
Load capacity
Data of bearing are listed in Table 2 . Bump foil deflection is calculated using various methods commented in former section. Figure 5 shows load capacity versus minimum film thickness. When the deflection model of Peng [3] is used, the bump foil deflects uniformly in the axial direction, so that load capacity becomes the highest. When the deflection model of Heshmat [2] is used, there is no deflection at both ends of bump foil, so that load capacity becomes the lowest. When the deflection calculation method is used for the connected bumps, the load capacity is approximately in the middle between those of Heshmat [2] and Peng [3] . It is because the connected bump deflects relatively uniformly in axial direction as mentioned former section.
CONCLUSION
The finite element model for the bump foil considering 3-dimensional structure is developed and load capacity is calculated by using this model. The results reveal that inter-connected bump deflects more uniformly compared to split bump and it is necessary to calculate the deflection of bump foil considering its 3-dimensional structure for accurate performance analysis. split bump(deflection model of Heshmat [2] ) split bump(deflection model of Peng [3] ) split bump(using FEM) connected bump1 connected bump2 connected bump3 connected bump4 connected bump5 
